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a b s t r a c t
There is a constant need to develop advantageous materials for removing radioactive waste from
aqueous systems. Here we propose a new carbon-based material prepared by oxidative treatment of
various natural carbon sources. The as-prepared oxidatively modiﬁed carbon (OMC) has an oxygen-rich
surface, and retains its particulate granular texture. It has relatively low cost and can be used in tradi-
tional ﬁltration columns. The sorption ability of OMC toward several metal cations is demonstrated. It is
especially efﬁcient toward Csþ cations, the species that are among the most difﬁcult to remove from the
waters at the Fukushima nuclear plant.
© 2017 Elsevier Ltd. All rights reserved.
1. Introduction
Radioactive waste imposes a serious problem tomodern society,
threatening life and health of many worldwide. The accidental re-
leases of radioactive waste from military or civil nuclear activities
can contaminate large areas, as it happened in 1957 at Kyshtym, or
in 1986 in Chernobyl, both in the former USSR. The recent accident
at the Fukushima nuclear power plant in Japan underscores the
magnitude of the problem [1]. Currently, hundreds of thousands
tons of water contaminated by radionuclides are stored in massive
tanks on the plant site awaiting efﬁcient methods of puriﬁcation.
Among the radionuclides most difﬁcult to remove from water is
137Csþ [1]. The ease with which radionuclides can be removed from
water decreases in the order of trivalent, divalent to monovalent
metal cations. While trivalent elements can be almost quantita-
tively removed by numerous known absorbents, the sorption of
monovalent 137Csþ remains an enormous challenge [1e4]. Sorption
with porous minerals [5e12], and ion-exchange media [13] are
among the most effective methods for the Csþ removal.
One type of materials effectively sorbing Csþ are synthetic fer-
rocyanides [11,12]. However, these materials suffer from their
nanometer or micrometer scale size that makes them difﬁcult to be
used in large-size continuous systems [12]. This is why they need to
be immobilized in suitable organic or inorganic matrices [12]; this
additionally increases their cost. Among the known Csþ sorbents
that found practical implementation are synthetic zeolites
[5e10].However, the relatively high cost of synthetic zeolites
lowers their performance-to-cost ratio. In addition, after sorption,
Csþ cannot be removed from ferrocyanides and zeolites as easy as
from the ion-exchange resins. Thus, the spent materials need to be
compartmentalized and stored along with sorbed radionuclides
until their near complete decomposition by the natural radioactive
decay.
From this perspectives, carbon-basedmaterials have advantages
over the minerals. In practice, after sorption, carbon can be burned
in a nuclear furnace leaving only radioactive ash, which results in
an ultra-small volume of radioactive waste. Alternatively, carbon-
based materials can be regenerated and be used in a new puriﬁ-
cation cycle. But traditional carbon-based absorbents such as acti-
vated carbon and charcoal are not efﬁcient scavengers of metal
cations. While being effective in gaseous phases and for removing
some organic contaminants fromwater, they do not efﬁciently bind
metal cations from aqueous solutions. For this purpose, the carbon
surface needs to be decorated with oxygen functional groups.
Recently, the method of removing radionuclides by graphene
oxide (GO) was reported [14e18]. GO was demonstrated to be very
efﬁcient toward several trivalent and divalent metal cations due to
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